Introduction
With 97% of its population living in areas of stable malaria transmission, the Democratic Republic of the Congo is among the countries with the highest malaria burden in Africa. 1, 2 For diagnosing malaria, the microscopic detection of Plasmodium in thick blood films remains the gold standard, although reliable rapid diagnostic tests are increasingly available. 3 In addition, microscopic examination of stained blood films also enables the detection of other pathogens, including Trypanosoma brucei ssp., some of which cause human African trypanosomiasis. Half of all people at risk of African trypanosomiasis live in the Democratic Republic of the Congo, where almost 80% of all reported cases have occurred. 4 The microscopic detection of Plasmodium and Trypanosoma requires technical skill, thorough training, maintenance of expertise and regular handling of samples containing the parasites. The quality of microscopy, however, often remains inadequate because of poor-quality equipment, insufficient training or a lack of quality assurance. 5 In 2002, the World Health Organization (WHO) launched an external quality assessment programme to improve the proficiency of microbiological testing for diseases prone to cause epidemics in the WHO African Region, including malaria. 6, 7 In 2010, the first, national, large-scale external quality assessment in the Democratic Republic of the Congo was carried out in four of the country's 11 provinces. 8 It revealed the poor quality of malaria microscopy. In this paper, we present the results of the second, nationwide external quality assessment of stained blood film microscopy. Since trypanosomiasis is widespread in the Democratic Republic of the Congo and accurate diagnosis is important, the assessment included a slide with trypanosomes. In addition, given the increasing use of rapid diagnostic tests for malaria, 2 participants in the quality assessment were questioned about use of these tests.
The data obtained during the second external quality assessment of stained blood film microscopy in the Democratic Republic of the Congo demonstrate the benefits of such assessments, show they are feasible when carried out in collaboration with vertical, disease-oriented programmes and highlight the difficulty of diagnosing human African trypanosomiasis.
Objective To report the findings of a second external quality assessment of Giemsa-stained blood film microscopy in the Democratic Republic of the Congo, performed one year after the first. Methods A panel of four slides was delivered to diagnostic laboratories in all provinces of the country. The slides contained: (i) Plasmodium falciparum gametocytes; (ii) P. falciparum trophozoites (reference density: 113 530 per µl); (iii) Trypanosoma brucei subspecies; and (iv) no parasites. Findings Of 356 laboratories contacted, 277 (77.8%) responded. Overall, 35.0% of the laboratories reported all four slides correctly but 14.1% reported correct results for 1 or 0 slides. Major errors included not diagnosing trypanosomiasis (50.4%), not recognizing P. falciparum gametocytes (17.5%) and diagnosing malaria from the slide with no parasites (19.0%). The frequency of serious errors in assessing parasite density and in reporting false-positive results was lower than in the previous external quality assessment: 17.2% and 52.3%, respectively, (P < 0.001) for parasite density and 19.0% and 33.3%, respectively, (P < 0.001) for false-positive results. Laboratories that participated in the previous quality assessment performed better than first-time participants and laboratories in provinces with a high number of sleeping sickness cases recognized trypanosomes more frequently (57.0% versus 31.2%, P < 0.001). Malaria rapid diagnostic tests were used by 44.3% of laboratories, almost double the proportion observed in the previous quality assessment. Conclusion The overall quality of blood film microscopy was poor but was improved by participation in external quality assessments. The failure to recognize trypanosomes in a country where sleeping sickness is endemic is a concern.
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Methods
The second external quality assessment was organized by the Institut National de Recherche Biomédicale in Kinshasa, which is the reference laboratory for the National Malaria Control Programme (Programme national de lutte contre le paludisme) in the Democratic Republic of the Congo. Between July and October 2011, 356 clinical laboratories in the country's 11 provinces were contacted. The laboratories had either subscribed to and participated in the previous external quality assessment, which was also organized by the Institut National de Recherche Biomédicale, 8 or were part of the network of the National Malaria Control Programme or the National Tuberculosis Control Programme (Programme national de lutte contre la tuberculose). The number of human African trypanosomiasis cases in each province in 2011 is shown in Fig. 1 . No data were available for Sud-Kivu because of the ongoing war and the number of cases was assumed to be under 100.
The samples used in the external quality assessment comprised four Giemsa-stained, thick and thin blood films (Table 1 ), prepared as previously described. 8 All blood samples were prepared using ethylenediaminetetraacetic acid (EDTA) and were left over from samples drawn for routine clinical care from patients presenting at the Institut National de Recherche Biomédicale. Slides containing trypanosomes were prepared from rodent blood infected with Trypanosoma brucei brucei and diluted in human EDTA blood. Thick and thin blood films were placed on a single slide (Menzel-Gläzer, Braunschweig, Germany). After fixation of the thin blood films with methanol, the films were treated with Giemsa stain (Merck, Darmstadt, Germany). For conservation, the blood films were covered with Entellan (Merck, Darmstadt, Germany) and a coverslip. Parasite density was determined at 1000-times magnification by six expert microscopists from the Institut National de Recherche Biomédicale and the Institute of Tropical Medicine in Antwerp, Belgium, and the reference value was taken to be the mean density ± 2 standard deviations (SDs). For all slides, the presence or absence of Plasmodium species and the species present were evaluated using real-time polymerase chain reaction methods. 10, 11 The slides were sent to coordinators in each province who transported them to participating laboratories along with a teaching sheet explaining the procedure that should be used to determine parasite density. On detecting a malaria infection, participants were to report the Plasmodium species present, the developmental stage of the parasite and parasite density, expressed as trophozoites per µl. Other findings were to be reported as comments.
Participants were also asked to complete a questionnaire on: (i) their use of microscopy and rapid diagnostic tests for malaria diagnosis; (ii) the number of tests performed each month; (iii) the proportion of test results that were positive; and (iv) the number of staff performing diagnostic tests and their training. In addition, information was requested about the type and brand of the rapid diagnostic tests used and occurrence of shortages.
The results of the microscopic analysis were categorized as: without errors; with minor errors; or with major errors (Table 1) . The distinction between a minor and a major error was based on the potential effect the error could have on the patient's diagnosis and clinical management. A parasite density less than 2 SDs from the mean (reference) density, as determined by the expert microscopists, was considered to be without error. A density that lay outside this range was considered a major error if it was more than 10 times or less than one 10th the reference value; all other densities outside the range were considered minor errors. A slide analysis was considered correct if no error or a minor error was made and incorrect if a major error was made ( tested for significance using the χ 2 or Fisher exact test and differences between two groups of continuous variables were tested for significance using the Mann-Whitney rank-sum test. Trends in proportions were assessed using the χ 2 test for trends.
Results
Responses were received from 277 of the 356 (77.8%) laboratories contacted. Of the 277 responders ( Fig. 1 (Fig. 2) . The most common error, made by 49.1%, was to report a parasite density below 63 000 per µl. Finally, 11.1% of participants estimated the density to be less than one 10th the reference value (i.e. < 11 353 per µl), whereas 0.7% estimated it to be more than 10 times the reference value (i.e. > 1 135 300 per µl).
Sample analysis
Results for all four slides were received from 263 participating laboratories; 92 (35.0%) reported a correct result (i.e. no error or a minor error) on all slides (Fig. 3) . However, 3.0% reported no correct results and 11.0% reported only one correct result. Significantly fewer laboratories reported a correct [6] [7] [8] [9] [10] [11] [12] . In 13.3% of the laboratories, rapid tests had replaced microscopy for malaria diagnosis. Stock disruption was reported by 30.8%. In addition, 29.2% of the laboratories used rapid diagnostic tests during night shifts, 7.5% used them in emergencies and 2.5% used them for ensuring transfusion safety, whereas 35.0% did not specify the circumstances in which they used the tests. The most common test, used by 75% of the laboratories, was an SD Bioline malaria rapid test (Standard Diagnostics Inc., HagalDong, Republic of Korea), followed by the Paracheck Pf (Orchid Biomedical Systems, Goa, India), used by 14.2%.
Factors affecting analytical performance
Whether a laboratory regularly used microscopy or rapid diagnostic tests for malaria diagnosis had no significant effect on the proportion that reported a correct result for all four slides: 85 of 240 laboratories that used microscopy reported four correct results compared with 2 of 11 laboratories that used only rapid tests (P = 0.3). Moreover, laboratories that had taken part in training did -286 ), respectively (P = 0.2). In particular, laboratories that processed more than 300 slides per month did not perform significantly better than those that processed fewer (P = 0.052). Nor did higher-level referral centres perform significantly better: 54.5% of provincial reference laboratories correctly read all four slides, compared with 42.3% of hospitals and 30.6% of health centres (P = 0.08 for trend). However, laboratories that were participating in an external quality assessment for the second time did perform significantly better: 64 of 152 (42.1%) laboratories participating for the second time reported four correct results compared with 28 of 111 that were participating for the first time (25.2%; P = 0.005). Finally, 110 of 193 (57.0%) laboratories in provinces with more than 100 African trypanosomiasis cases annually (Fig. 1) correctly reported trypanosomes on slide 3, compared with 24 of 77 (31.2%) laboratories in provinces with fewer cases (P < 0.001).
There were significantly fewer serious errors in the second external quality assessment than in the first. 8 In the present quality assessment, 51 of 269 (19.0%) laboratories reported false-positive results for the slide with no parasites, compared with 58 of 174 (33.3%) in the first assessment (P < 0.001). Major errors in parasite density estimates were also less frequent in this assessment: 32 of 186 (17.2%) laboratories compared with 23 of 44 (52.3%) in the first external quality assessment (P < 0.001).
Discussion
Overall, the quality of Giemsa-stained blood film microscopy observed in the present external quality assessment was poor. The principle serious errors were: not diagnosing trypanosomiasis; not recognizing P. falciparum gametocytes; diagnosing malaria from a slide with no parasites; and substantial quantitative errors in parasite density estimates.
The present assessment had several limitations. The diagnostic competence of the participating laboratories may have been overestimated and might not be representative of all laboratory staff involved because the most experienced staff may have read the slides for the external quality assessment. 12 In addition, the test slides were stained before receipt and staining quality is known to be poor in routine laboratory settings. 8 Another limitation stems from the estimated distribution of human African trypanosomiasis cases in different provinces. The disease is highly focal and, in particular, the risk varies greatly across Orientale, Équateur, Katanga and Maniema provinces, which contain large areas where there is no risk. 13 Consequently, a laboratory may serve a population that lives either completely inside or outside an area where there is a disease risk and, therefore, its experience with the disease may not be typical of the province in which it is located.
A major strength of this external quality assessment was the synergistic collaboration with existing government networks and vertical programmes, in particular with the national tuberculosis control programme. 14 We found that the quality assessment could be carried out without the need for new structures or organizations. Working with existing networks and programmes is less expensive and more sustainable. Moreover, over the long term, it is probably more feasible to test diagnostic proficiency by external quality assessment than by using a quality control system to cross-check routine blood slides, which can result in a heavy workload. 15 Despite the logistic challenges of organizing external quality assessments in poorly accessible areas of countries lacking in infrastructure, such as the Democratic Republic of the Congo, the response time was not much longer than that reported by WHO for quality assessments of national public health laboratories in other parts of Africa. 7 Another advantage of external quality assessments is that they are usually conceived as didactic programmes: they often include a feed-back report that explains the background to and pitfalls of testing and refreshes knowledge of stateof-the-art techniques. The present quality assessment involved the distribution, at little cost, of a report on the previous external quality assessment and a teaching sheet, both of which helped encourage participation. However, external quality assessment programmes do not replace training. Since 2011, the National Malaria Control Programme in the Democratic Republic of the Congo has updated technical guidance on malaria diagnosis. The education of trainers has started at the provincial level and, to date, training has been carried out at over 100 health-care facilities in four provinces. Unfortunately, the lack of infrastructure in the country is a limitation. Nevertheless, our findings show that performance can be improved: (i) laboratories that participated in an external quality assessment for a second time performed better; (ii) there were fewer false-positive results than in the previous assessment; and (iii) the number of major quantitative errors in estimating parasite density was lower than previously. These observations confirm findings in the United Kingdom. 12 External quality assessments also provide the opportunity to introduce laboratories to new or rarely-seen parasites. 12 As observed in WHO external quality assessments, correctly identifying blood parasites other than P. falciparum can be a problem. 7 That half of participating laboratories in our assessment did not recognize the presence of trypanosomes is a concern, especially since the diagnosis of African trypanosomiasis in the Democratic Republic of the Congo will increasingly shift from active case-finding by mobile teams to integration into the horizontal healthcare system. 4 In contrast, ability to identify trypanosomes was relatively good in the slides included in the external quality assessments performed by WHO 7 and in the United Kingdom 12 . However, most participants in WHO's assessments were national reference laboratories, where training and reference documentation may be better.
In WHO's assessments, an estimated parasite density in the target range of 0.5 to 1.5 times the reference value was regarded as acceptable. This range corresponds approximately to our definition of no error. Overall, 13.7% of laboratories in our assessment made no error in their parasite density estimate compared with 51% that reported an acceptable value in the WHO assessments. 7 In both the present and previous external quality assessment in the Democratic Republic of the Congo, 8 parasite density tended to be underestimated. One reason may be that density has been expressed in parasites per µl in the country only since 2010. The distribution of teaching sheets during the current external quality assessment may explain why there were fewer errors in parasite density estimates than in the previous assessment.
In addition, the proportion of falsepositive results for Plasmodium in the current assessment (i.e. 19%) was lower than previously but higher than the 8 to 15% and the 2% reported, respectively, by two external quality assessments carried out in settings where malaria is not endemic. 12, 16 Although the laboratories in our assessment should have encountered Plasmodium more often, they were probably less familiar with external quality assessments and expected the slides in a malaria microscopy assessment to contain parasites. On the other hand, the proportion of false-positive results was much lower than that observed in a study of the sensitivity and specificity of rapid diagnostic tests and malaria microscopy carried out in 2011 in the Democratic Republic of the Congo, in which the false-positive rate for routine microscopy was 70.6%. 17 The difference may be due to the poor quality of Giemsa staining and of the reagents used under routine conditions 8, 18 or to the possibility that better laboratories are more likely to participate in external quality assessments.
In contrast to previous and other external quality assessments, we found no clear association between analytical performance and how regularly a laboratory handled infected samples. In areas where malaria is endemic, laboratory staff may acquire the necessary expertise even if they only assess 40 slides per month. The difference in performance between the current and previous external quality assessments in the Democratic Republic of the Congo could be due to differences in participants or to an overall improvement.
The results of the questionnaire were similar in current and previous assessments. The lack of training remains of concern. Notably, the use of rapid diagnostic tests has almost doubled since 2010, when they were used by only 24.7% of participants. However, there seems to be no clear strategy for deciding when to use them. The upward trend in the Democratic Republic of the Congo appears to reflect that observed throughout Africa. 2 In conclusion, the overall quality of stained blood film microscopy in the Democratic Republic of the Congo was poor. In particular, the failure to recognize trypanosomes in a country where sleeping sickness is endemic is concerning. Since the use of rapid diagnostic tests has risen, relevant external quality assessments are increasingly important. Participating in an external quality assessment appeared to improve a laboratory's performance but this needs to be confirmed by longer follow up. Although organizing quality assessments and training is challenging in vast, resource-poor countries, it is feasible when carried out in collaboration with existing government networks and vertical programmes. Moreover, external quality assessments can provide opportunities for educational activities, such as distributing teaching sheets, and the involvement of major stakeholders can increase awareness of the importance of these assessments, ensure they are sustainable and create opportunities for continued funding. ■
Research
Blood film microscopy in Democratic Republic of the Congo Pierre Mukadi et al. Objectif Présenter les résultats d'une deuxième évaluation externe de la qualité de la microscopie de frottis sanguins colorés au Giemsa en République démocratique du Congo, réalisée un an après la première. Méthodes Un ensemble de quatre lames a été livré aux laboratoires de diagnostic dans toutes les provinces du pays. Les lames contenaient: (i) des gamétocytes de Plasmodium falciparum, (ii) des trophozoïtes de P. falciparum (densité référence: 113 530 par µl), (iii) la sous-espèce Trypanosoma brucei, et (iv) aucun parasite. Résultats Sur les 356 laboratoires contactés, 277 (77,8%) ont répondu. Dans l' ensemble, 35,0% des laboratoires ont correctement étudié les quatre lames mais 14,1% d' entre eux ont obtenu les bons résultats pour 1 ou 0 lame. Parmi les erreurs majeures figuraient le non-diagnostic de la trypanosomiase (50,4%), la non-reconnaissance des gamétocytes de P. falciparum (17,5%) et le diagnostic du paludisme sur la lame dépourvue de parasite (19,0%). La fréquence de ces erreurs graves dans l' évaluation de la densité parasitaire et de l' obtention de résultats faussement positifs est inférieure à celle de la précédente évaluation externe: 17,2% et 52,3%, respectivement, (P < 0,001) pour la densité parasitaire et 19% et 33,3%, respectivement, (P < 0,001) pour les résultats faussement positifs. Les laboratoires ayant participé à la précédente évaluation de la qualité ont obtenu de meilleurs résultats que les nouveaux participants, et les laboratoires situés dans les provinces présentant un nombre élevé de cas de maladie du sommeil ont mieux reconnu les trypanosomes (57,0% contre 31,2%, P < 0,001). Les tests de diagnostic rapide du paludisme ont été utilisés par 44,3% des laboratoires, presque le double de la proportion observée dans la précédente évaluation de la qualité. Conclusion La qualité globale de la microscopie de frottis sanguin était faible, mais a été améliorée par la participation à l' évaluation externe de la qualité. L'incapacité à reconnaître les trypanosomes dans un pays où la maladie du sommeil est endémique est une préoccupation majeure.
Резюме
Внешняя оценка качества использования микроскопии мазков крови с окрашиванием по Гимзе для диагностики малярии и сонной болезни в Демократической Республике Конго Цель Представить отчет о результатах второй внешней оценки качества микроскопии мазков крови с окрашиванием по Гимзе в Демократической Республике Конго, проведенной через год после первой. Методы Набор из четырех микроскопических препаратов был доставлен в диагностические лаборатории во всех провинциях страны. В число микроскопических препаратов входили: (i) Гаметоциты Plasmodium falciparum; (ii) Трофозоиты P. falciparum (исходная плотность: 113 530 на мкл), (iii) Подвид Trypanosoma brucei и (iv) без паразитов. Результаты Ответ был получен из 277 (77,8%) лабораторий из 356 лабораторий, в которые был направлен запрос. В общем, 35,0% лабораторий представили все четыре правильных микроскопических препарата, но только 14,1% сообщили правильные результаты по 1 или 0 препаратам. К числу основных ошибок диагностики относится недиагностирование трипаносомоза (50,4%), невыявление P. falciparum гаметоцитов (17,5%) и диагностирование малярии в микроскопических препаратах без паразитов (19,0%). Частота серьезных ошибок в оценке плотности паразитов и при сообщении ложно-положительных результатов была ниже, чем при предыдущей внешней оценке качества: 17,2% и 52,3% соответственно, (Р <0,001) по плотности паразитов и 19,0% и 33,3% соответственно, (Р <0,001) для ложно-положительных результатов. Лаборатории, принимавшие участие в предыдущей оценке качества, сработали лучше, чем участники, участвующие в исследовании впервые, а лаборатории в провинциях с большим числом случаев заболевания сонной болезнью распознавали трипаносомы чаще (57,0% в сравнении с 31,2%, P <0,001). Диагностические экспресс-тесты на малярию использовались в 44,3% лабораторий, что почти вдвое больше доли их использования, зарегистрированной в ходе предыдущей оценки качества. Вывод В целом, качество микроскопии мазков крови было низким, но оно улучшилось благодаря участию во внешних оценках качества. Неспособность выявить трипаносомы в стране, в которой сонная болезнь является эндемической, вызывает беспокойство.
Resumen
Evaluación de calidad externa de la microscopía en frotis de sangre con tinción de Giemsa para el diagnóstico de la malaria y la enfermedad del sueño en la República Democrática del Congo Objetivo Informar de los resultados de una segunda evaluación de calidad externa de la microscopía en frotis de sangre con tinción de Giemsa en la República Democrática del Congo, llevada a cabo un año después de la primera. Métodos Se entregó un panel de cuatro muestras a laboratorios de diagnóstico de todas las provincias del país. Las muestras contenían: (i) gametocitos Plasmodium falciparum; (ii) trofozoítos P. falciparum (densidad de referencia: 113 530 por µl); (iii) subespecies de Trypanosoma brucei y (iv) ningún parásito. Resultados De los 356 laboratorios contactados, respondieron 277 (77,8%). En total, el 35,0% de los laboratorios informó de las cuatro muestras correctamente, pero el 14,1% informó de resultados correctos en una o ninguna de las muestras. Los principales errores consistieron en no diagnosticar la tripanosomiasis (50,4%), no reconocer los gametocitos P. falciparum (17,5%) y diagnosticar malaria en la muestra sin parásitos (19,0%). La frecuencia de errores graves en la evaluación de la densidad de los parásitos y en informar de resultados con falsos positivos fue menor que en la evaluación de calidad externa anterior. El 17,2% y el 52,3%, respectivamente (P < 0,001), en el caso de la densidad de los parásitos y el 19,0% y el 33,3%, respectivamente (P < 0,001), en lo que atañe a los resultados con falsos positivos. Los laboratorios que participaron en la evaluación de calidad anterior tuvieron mejores resultados que los laboratorios noveles, y los laboratorios de provincias con un número alto de casos de la enfermedad del sueño reconocieron los tripanosomas con mayor frecuencia (el 57,0% frente al 31,2%, P < 0,001). Las pruebas de diagnóstico rápido de la malaria fueron utilizadas por el 44,3% de los laboratorios, casi el doble de la proporción observada en la evaluación de calidad anterior. Conclusión La calidad general de la microscopía en frotis de sangre se reveló escasa, pero experimentó mejoras gracias a la participación en evaluaciones de calidad externas. La incapacidad para reconocer los tripanosomas en un país en que la enfermedad del sueño es endémica es un problema.
